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Resumo 
A pesca é uma tradição muito antiga. Ao longo dos tempos tem sido uma 
importante fonte de alimento para o Homem e tem vindo a ser modificada pelo 
desenvolvimento tecnológico. A pesca em Portugal é uma actividade cultural e 
económica bastante importante que, no entanto, tem vindo a perder alguma 
relevância nos últimos anos.  Em 2007, 86% das embarcações da frota portuguesa 
eram embarcações com comprimento de fora-a-fora inferior a 12 metros, a operar 
com artes fixas, sendo a pesca com redes e palangre as artes mais representativas 
(71,7% do total de licenças emitidas em 2007).  
 Os ecossistemas marinhos encontram-se ameçados um pouco por todo o 
mundo. A perda de biodiversidade, ao nível genético ou das espécies, é irreversível. 
As metodologias tradicionais de conservação do meio marinho são inadequadas 
para resolver os múltiplos impactos antropogénicos que se fazem sentir neste meio 
e falham, muitas vezes, por se basearem em visões sobre o estado dos stocks de 
peixes, os quais estão sujeitos a grande variabilidade. Esta fragilidade, cada vez 
maior, dos ecossistemas marinhos faz com que seja importante restringir as 
actividades que causam impactos significativos. Nesta perspectiva, as Áreas 
Marinhas Protegidas (AMP) têm merecido bastante interesse devido ao seu duplo 
potencial como ferramentas de conservação dos recursos marinhos e de gestão das 
pescas. É, actualmente, consensual a sua incorporação em planos de gestão de 
ambientes marinhos, incluindo planos de gestão das pescas. Apesar da 
popularidade que têm tido, as AMP não são ferramentas perfeitas e os seus 
objectivos dependem de elementos económicos, sociais, políticos e institucionais a 
níveis comunitários, regionais, nacionais e internacionais no qual estão inseridas. O 
estabelecimento e implementação de AMP têm sido baseados em elementos 
naturais com pouca ou nenhuma integração de elementos sociais, como dados 
sobre os utilizadores ou comunidades locais. A actividade da pesca é 
tradicionalmente a primeira a ser restringida aquando da implementação de uma 
AMP. É, portanto, importante considerar o impacto que a implementação de uma 
AMP tem na actividade da pesca e nas áreas que ficam disponíveis para pescar e, 
por outro lado, o impacto da actividade da pesca na AMP e áreas adjacentes. A 
incorporação inadequada de elementos sociais, ou falta dela, leva a que, muitas 
vezes, haja grande contestação por parte das comunidades, particularmente as 
comunidades piscatórias. Uma AMP pode ser um sucesso biológico - resultando em 
melhorias dos habitats, diversidade e aumentos na quantidade de peixe – e um 
falhanço social – com falta de participação na gestão, partilha de benefícios 
económicos e resolução de conflitos. Nesta situação, os ganhos biológicos tendem a 
desaparecer a menos que os conflitos sociais sejam apropriadamente resolvidos. 
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Em Portugal, a implementação de AMP é relativamente recente. A primeira 
reserva exclusivamente marinha foi criada na ilha da Madeira, em 1986. Esta ilha 
possui actualmente mais AMP assim como as ilhas dos Açores. Em Portugal 
continental, em 1981, é criada a Reserva Natural das Berlengas e, mais tarde em 
1995, o Parque Natural do Sudoeste Alentejano e Costa Vicentina. A mais recente 
AMP em Portugal continental é o Parque Marinho Professor Luiz Saldanha (daqui em 
diante designado parque marinho ou AMP da Arrábida) que se encontra incluído no 
Parque Natural da Arrábida (PNA), criado em 1976. Aquando da criação do PNA, 
apenas uma área terrestre foi contemplada, apesar do reconhecido valor da zona 
costeira. Foi através de pressões por várias personalidades, pescadores locais e 
alguns cientistas que o movimento a favor da implementação de um parque 
marinho na costa da Arrábida se originou. No entanto, foi apenas em 1990, com o 
envolvimento da comunidade científica, que importantes passos foram tomados no 
sentido de se criar uma AMP na zona costeira da Serra da Arrábida. Após vários 
estudos desenvolvidos na área, foi reunido o conhecimento necessário para 
finalmente levar a cabo a implementação da área marinha protegida. Assim, em 
1998, no ano internacional dos Oceanos, o parque marinho foi finalmente 
implementado. Apesar de ser a única AMP em Portugal a possuir um Plano de 
Ordenamento, o processo que o levou a entrar em vigor foi também bastante lento. 
O processo foi acompanhado por diversas entidades e teve uma ineficiente 
discussão pública entre 23 de Fevereiro e 23 de Junho de 2003. Em 2005, o Plano 
de Ordenamento do Parque Natural da Arrábida (POPNA) foi finalmente emitido. 
Além de contemplar a preservação da biodiversidade e recuperação de recursos 
sobre-explorados, o POPNA contempla ainda outros objectivos como a promoção de 
turismo sustentável tendo em conta o desenvolvimento sustentado da zona. O 
POPNA impõe bastantes restrições a várias actividades, em particular para a pesca 
comercial. Algumas artes de pesca foram completamente banidas enquanto que 
outras se encontram restringidas a determinadas zonas devido à implementação de 
diferentes zonas de protecção dentro da AMP: protecção complementar, protecção 
parcial e protecção total. Existe, actualmente, um cenário bastante conflituoso em 
redor desta área marinha protegida, decorrente da implementação inadequada de 
um plano de ordenamento que tem grandes impactos em particular no sector da 
pesca comercial.  
No presente estudo, foi realizada uma análise de capturas e rejeições das 
três principais artes de pesca que operam na zona protegida: covos ou armadilhas, 
redes de tresmalho e palangre. Assim, foram efectuados embarques de observação 
em embarcações de pesca local a operar com covos e redes de tresmalho (41 
viagens) e foram realizadas experiências de pesca com palangre a bordo de uma 
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embarcação de recreio, devido ao reduzido tamanho das embarcações locais que 
operam com esta arte. Foram realizadas um total de 6 viagens que foram 
acompanhadas por um pescador profissional, cuja participação foi voluntária. 
 Foram amostrados um total de 4777 covos de 144 teias, 38731 panos de 
rede de 48 caçadas e 1850 anzóis de 42 talas. O período de amostragem decorreu 
entre Maio de 2007 e Abril de 2008. As operações de pesca tiveram início entre as 
6 e as 7 horas. No caso dos covos, a duração destas operações foi de, pelo menos, 
6 horas. Para as redes de tresmalho, a duração foi variável dependendo de factores 
como as capturas e condições atmosféricas (no mínimo 5 horas). Nas experiências 
com palangre, as talas foram lançadas, em média, uma hora e meia antes de 
amanhecer e recolhidas ao nascer do sol.  
 Todos os indivíduos capturados foram identificados e medidos a bordo 
usando um dinamómetro digital (5 gramas de precisão) e um ictiómetro (1 mm de 
precisão). Os organismos foram classificados segundo o seu destino, em capturas 
aproveitadas e rejeições. O motivo das rejeições foi também registado: tamanho 
inferior ao permitido por lei, baixo ou nenhum valor comercial e indivíduos com 
sinais de degradação. Foram efectuados cálculos em biomassa e número de 
indivíduos e normalizados em capturas por 100 covos,  1000 metros de rede e 10 
anzóis, para cada uma das artes amostradas. As capturas da pesca com covos e 
palangre foram analisadas consoante a distância à costa a que foram obtidas. Para 
a pesca com redes de tresmalho e covos, as capturas foram ainda analisadas em 
função da estação do ano em que foram obtidas. Para isso, foram usadas técnicas 
estatísticas univariadas paramétricas (testes t) e, quando os pressupostos não 
foram verificados, estatísticas univariadas não paramétricas (teste de Mann-
Whitney).  
 As rotinas de pesca foram relativamente similares. As variações no número 
de caçadas e teias estão em grande parte relacionadas com aspectos característicos 
das embarcações e rendimento de um dia de pesca, no caso dos covos, e com 
condições atmosféricas no caso das redes de tresmalho. 
 Foram identificadas 80 espécies na pesca com redes de tresmalho, 36 na 
pesca com covos e 28 nas experiências com palangre. Mais de metade das espécies 
identificadas possui valor comercial significativo. O grupo dos peixes, da classe 
Actinopterygii, predomina nas capturas com redes de tresmalho e palangre, 
enquanto que os cefalópodes (classe Cephalopoda), particularmente o polvo-
comum, Octopus vulgaris Cuvier, 1797, constituem a quase totalidade das capturas 
obtidas com covos.  
 Assim, a pesca com covos depende quase exclusivamente das capturas de 
polvo-comum, tendo estas atingindo quantidades superiores no outono/inverno 
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independentemente da distância à costa. O total de indivíduos rejeitados por não 
possuírem o tamanho mínimo permitido na legislação portuguesa (750g) foi de 
14%, o que aparenta não ter grande impacto uma vez que praticamente todos os 
indivíduos rejeitados estavam aparentemente saudáveis e em condições de 
prosseguir o seu ciclo de vida.  
 A pesca com redes de tresmalho é, das artes estudadas, a que possui menor 
selectividade. Metade dos indivíduos capturados foram rejeitados por possuírem 
baixo ou nenhum valor comercial ou estarem degradados. O total de capturas, em 
biomassa, foi superior no outono/inverno assim como as capturas de choco-vulgar, 
Sepia officinalis Linnaeus, 1758 e linguado-branco, Solea senegalensis Kaup, 1858. 
O choco-vulgar e o linguado-branco foram abundantes durante ambas as épocas de 
amostragem ao contrário do linguado-legítimo, Solea solea (Linnaeus, 1758), que 
foi bastante mais abundante durante a primavera/verão.  
 A abordagem seguida para a pesca com palangre foi baseada nas restrições 
impostas pelo actual POPNA. Assim, é inequívoca a perda de capturas a mais de 
200 metros da costa. Considerando o valor comercial das espécies capturadas, esta 
perda é ainda mais significativa visto que espécies comerciais de baixo valor, como 
a cavala, Scomber japonicus Houttuyn, 1782, e a boga, Boops boops (Linnaeus, 
1758) são mais abundantes nas capturas a mais de 200 metros da costa. As 
rejeições ocorrem com menor frequência a menos de 200 metros da linha de costa, 
onde são bastante reduzidas as capturas de espécies com baixo valor comercial. As 
rejeições ocorrem com menor frequência a menos de 200 metros da linha de costa 
onde o número de indivíduos capturados com tamanho inferior ao permitido na 
legislação portuguesa é bastante reduzido.  
 No que diz respeito a capturas de indíviduos abaixo do tamanho aproximado 
de primeira maturação, verificou-se que estas foram relativamente baixas para 
todas as espécies alvo das três artes de pesca amostradas no presente estudo.  
 Foi efectuada uma estimativa do rendimento médio (€) de um dia de pesca, 
por embarcação, para cada uma das artes estudadas. A análise estatística revelou 
diferenças significativas entre os rendimentos das três artes estudadas, tendo sido 
este superior para a pesca com covos e inferior para a pesca com palangre.  
O esforço de pesca na área em estudo é bastante intenso. A implementação 
das medidas do POPNA levou a uma redução significativa das áreas disponíveis 
para a pesca, o que resultou numa enorme contestação por parte da comunidade 
piscatória, o que põe em risco a eficácia desta AMP em particular. Os potenciais 
benefícios que advêm da implementação de uma área marinha protegida podem 
levar alguns anos a ser evidentes e a tendência para o aumento da competição 
entre artes de pesca é evidente. Assim, é necessário reforçar o desenvolvimento de 
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estudos posteriores para uma correcta avaliação da actual situação sócio-
económica, tendo em vista uma gestão sustentada dos recursos marinhos.  
 
Palavras-chave: Áreas Marinhas Protegidas, Parque Marinho do Professor Luiz 
Saldanha, Pesca Local, Redes de Tresmalho, Covos, Palangre, Gestão Sustentada. 
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Abstract 
Catch and by-catch of artisanal fisheries (traps, trammel nets and longlines) in the 
Arrábida Marine Protected Area were studied. A total of 80 species were recorded 
for trammel nets, 36 for traps and 28 for longlines. Cephalopods accounted for 
more than 90% of the biomass captured with traps and fish dominated in catches 
of trammel nets and longlines (64% and 96%). Discards, in number of individuals, 
were higher for trammel nets (57%), followed by longlines (42%) and traps (14%). 
A larger number of species was identified more than 200 meters from the coastline 
for traps. A larger number of species was recorded in spring/summer for trammel 
nets. Catches were higher less than 200 meters from the coastline for longlines. 
Degradation, as a motive for discards, was very low in longlines. Catches below 
maturation size per sample day were relatively low for trammel nets and longlines 
target species and medium for traps. Statistical analysis revealed significant 
differences between the average profit per fishing day estimated for the three 
gears. The results show a high fishing effort being applied in the study area, 
causing impact on the marine environment, warranting further studies directed to 
target species in order to make way for a sustainable management.            
 
Keywords: Arrábida Marine Protected Area, Artisanal Fisheries, Catches, By-catch, 
Traps, Trammel nets, Longlines, Sustainable Management.   
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1. General Introduction 
Fishing, along with all its techniques and traditions, it‘s a very antique custom. It 
has been socio-economically important as a primary food source for humans (FAO, 
1995) and modified through time due to technological development. Modern fishing 
also has professional and recreational variations.  
 
After the 2nd World War, with the inexhaustible character attributed to marine 
resources proven wrong, it was accepted that in order to attain socio-economical 
sustainability had to be properly managed. Economic Exclusive Zones (EEZ) and the 
United Nations Convention on the Law of the Sea were very important steps 
towards that management (FAO, c2005-2008). 
 
Portugal, including the Azores and Madeira, has the 3rd largest EEZ of the EU and 
the 11th in the world, with 1727408 km². In Portugal, fishing has been a very 
important activity, cultural and economically, either directly or indirectly through 
associate industries. However, its importance has been declining in the last few 
years due to a variety of factors, such as decreases in fish quantity and value, 
number of fishing vessels and licensed fishermen.  
 
The total number of licensed fishermen decreased in 2007 but the number of 
fishing licenses issued increased, 81.3% of which were issued to vessels less than 
10 meters in length. Nets and longlines are the most representative gear 
accounting for 71.7% of the total fishing licenses issued in 2007 (INE, 2008). Total 
landings estimates increased 12.9% in 2007 and the average annual price 
decreased 1.3% comparing to 2006. In national fishing docks, the polyvalent fleet 
accounted for 38.7% of total landings estimate, in 2007. The Central Coast and 
Algarve regions remain the primary landing regions in 2007, contributing with 
33.85% and 17.26% of total landings estimate, respectively. Only the group of 
mollusks (phylum Mollusca) registered a decrease in 2007, comparing to 2006, with 
increases in both the group of fishes (class Actinopterygii) and crustaceans 
(subphylum Crustacea). The group of fishes remains the most representative, 
accounting 92.1% of total landings estimate, followed by crustaceans and then 
mollusks (DGPA, 2008). 
 
The loss of biodiversity, at gene and species level (alpha diversity) and ecological 
communities (beta diversity) is irreversible (Sumaila et al, 2000). Marine 
ecosystems and the biodiversity they support are threatened the world over (NRC 
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1995; Kelleher, 1999; Roberts and Hawkins, 2000). Traditionally, the conservation 
of living resources includes the implementation of areas where the exploitation of 
such resources is prohibited (Sumaila et al, 2000). These traditional approaches, 
such as maximum sustainable yield estimates, fishing effort and total catch data 
are inadequate to solve the multiple anthropogenic impacts such as overfishing, 
pollution and coastal development on marine life (Halpern, 2003) and often fail 
because they‘re based on predictions of fish stocks which are very unstable 
(Kelleher, 1999). Increasing fragility of marine ecosystems and respective 
biodiversity makes it very important to restrict activities that cause irreversible 
impacts on them (Agardy, 2000).  
 
Marine Protected Areas (MPA) have attracted much attention due to their double 
potential as conservation and fishery management tools (Roberts et al, 2001; Ami 
et al, 2004; Costanza et al, 1998; Dugan and Davis, 1992). MPA can achieve 
conservation goals whereas stock-wide and fishery-wide approaches have proven to 
be inefficient (Field et al, 2006) and also provide non conservation goals, such as 
increases in fisheries productivity by insurance against stock collapse, increases in 
densities and average sizes of individuals, development of marine science 
knowledge and protection of cultural diversity (Halpern, 2003; Gerber et al, 2003). 
Therefore, there is growing consensus that MPA should be incorporated in any 
marine management plan which includes fisheries management programs (Sumaila 
et al, 2000; Costanza et al, 1998; Boersma & Parrish, 1999; Agardy et al, 2003; 
Halpern, 2003).  
 
According to the IUCN (International Union for the Conservation of Nature), a MPA 
is defined as ―any area of intertidal or subtidal terrain, together with its overlying 
water and associated flora, fauna, historical and cultural features, which has been 
reserved by law or other effective means to protect part or all of the enclosed 
environment‖ (Kelleher & Kenchington, 1992; Kelleher, 1999). MPA are also 
referred in various documents such as the Code of Conduct for Responsible 
Fisheries from FAO (Food and Agriculture Organization) and the Green Paper on the 
Future of the Common Fisheries Policy from the European Commission as important 
tools for fisheries management. Although MPA have become a worldwide tool for 
the conservation of marine resources, they are not perfect tools and the economic, 
social, political and institutional elements in which they are inserted at community, 
regional, national and international levels all have influence on MPA objectives 
(Kelleher, 1999).  
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According to Pomeroy et al (2006), MPA are the result of social processes and are 
established in order to change human behavior towards marine resources. This 
author also refers that MPA design and implementation has been based on natural 
aspects, with very little integration of social elements such as information on users 
and community. Since fishing is typically the primary activity being limited 
(Botsford et al, 2004) it is very important to consider the impact on fisheries and 
the area that will be available for fishing. It is also crucial to assess the impact 
fishing will cause in surrounding areas and areas inside the MPA where it is 
permitted (Pelletier & Máhevas, 2005). A MPA, in particular, can be a biological 
success – resulting in the abundance of fish, diversity and habitat improvement – 
and a social failure – lacking participation in MPA management, share of economic 
benefits and conflict resolution mechanisms (Christie et al, 2003). In this situation, 
the biological gains will probably disappear unless social issues are addressed 
(Pollnac and Crawford, 2000), which proves that finding ways to avoid socio-
economic problems that can occur from the implementation of a MPA, whose 
benefits only become clear after a certain time, should be a top MPA objective.  
 
The establishment of MPA in Portugal is relatively recent. The first Portuguese 
exclusive marine reserve was created in Madeira, in 1986. Today, this archipelago 
has more reserves, totally or partially marine, whose objectives are the 
preservation of natural patrimony with biological interest. The Azores archipelago 
has 9 MPA at present. The first MPA to be implemented in the mainland was the 
Reserva Natural das Berlengas in 1981 (Decreto-Lei n. 264/81). Later, in 1995, the 
Parque Natural do Sudoeste Alentejano e Costa Vicentina was created aiming at the 
preservation of coastal habitat diversity and respective biodiversity. The most 
recent MPA created in Portugal it‘s the Parque Marinho do Professor Luiz Saldanha 
(from now on designated Park, Marine Park or Arrábida MPA) which is included in 
the Parque Natural da Arrábida (PNA) created on July 28th, 1976 (Decreto-Lei n. 
622/76). At this time, the protected area only consisted of a terrestrial area 
although the insufficient protection, conferred by the preventive measures decreed 
to the area (Decreto-Lei n.355-71 - Reserva da Serra da Arrábida) already justified 
the inclusion of a marine zone since it was recognized the area was unique, very 
rich in habitats and biodiversity. It was in the 70‘s when the first movements 
towards the creation of a marine park in Sesimbra took place. Some locals, 
particularly fishermen, and some scientists, supported by several personalities and 
institutions, asked the Portuguese Navy (which back then ruled over the seas) for 
the creation of a marine protected area. Although the PNA was created in 1976, it 
was only in 1990, when the scientific community was involved, that the intention to 
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create a MPA became alive again. With an increase in the number of studies 
conducted in this area, soon enough knowledge was gathered allowing the creation 
of the Marine Park in 1998, the International Year of the Ocean, during the Expo 
98‘.  
 
Of all MPA in Portugal, only the Arrábida MPA has a management plan. However, 
this too was a slow process which was only approved in 2005 by Resolução de 
Conselho de Ministros n. 141/2005. On the other hand, there was no specific 
regulation. The management plan for the terrestrial area had already begun which 
allowed the management plan for the marine area to begin shortly. The process 
was followed by governmental entities, non-governmental organizations, fishermen 
associations, universities and finished in 2003. The Instituto de Conservação da 
Natureza (ICN) collected all the information from the studies conducted in the area 
and developed the proposal for the management plan which then had an inefficient 
public discussion between February 23rd and July 23rd 2003. The Instituto Superior 
de Agronomia (ISA) was designated the impartial entity to evaluate the process. 
The management plan was finally released on July 28th, 2005. Today, regarding the 
marine sector, these are specific objectives of the management plan for the PNA: 
- To preserve biodiversity and recover overexploited resources; 
- To recover habitats, especially seagrass beds; 
- To promote scientific research applied to ecological conservation goals; 
- To promote environmental information, awareness and education; 
- To promote progressive adaptation of the general rules of effluent emission 
to the capacity of the characteristic environment; 
- To promote natural tourism considering sustainable development by 
promoting economic-traditional regional activities such as traditional longline 
fishery; 
The management plan imposes a lot of restrictions to various activities, especially 
to commercial fishing which is very important in the area. Thus, it‘s prohibited fish 
fisheries discards inside the MPA, certain fishing gear such as dredge and trawling 
(except for beach seine, as long as it is incorporated in cultural-touristic events in 
Sesimbra‘s bay area), commercial hand-collecting fishing, especially algae, and the 
capture of any marine organism using scuba-diving gear or any other mean of 
respiration and also recreational fishing, both as hand-collecting and scuba-diving. 
The Arrábida MPA contemplates three different typologies, decreasing in level of 
protection: total protection areas, partial protection areas and complementary 
protection areas. In complementary protection areas only the restrictions 
mentioned above apply; in partial protection areas there are additional restrictions 
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imposed to human activities (especially commercial fishing); and in total protection 
areas human presence is only allowed in very particular cases and navigation of 
fishing vessels is only allowed ¼ miles offshore. In partial protection areas, purse-
seine and net fishing are totally interdicted and trap and longline fishing are allowed 
only 200 meters offshore, except for the partial protection area of Portinho da 
Arrábida where these two gears are also prohibited. Apart from the restrictions 
mentioned, commercial fishing in this area is subjected to other criteria as well: 
fishing in the MPA area is only allowed for fishing vessels with 7 meters or less in 
length which are properly licensed to fish in it. Fishing vessels also need to be 
registered in Delegação Marítima de Sesimbra, licensed to the current year and 
with proven activity over the last 12 months, which can be no less than 100 
landings in the fishing dock or other recognized location. The vessel‘s license 
expires if the proprietary abandons the activity or if the vessel is handed over to 
anyone (except if it is to any direct descendant of the proprietary or as result of a 
long proved disease). Commercial fishing is also subjected to a transitory regime in 
which the different typologies are implemented sequentially in order to ease 
adaptation administratively and socio-economically as well (table 1). 
 
Table 1 - Transitory regime dates of the PNA Management Plan legislation, applied 
to commercial fishing, according to the different typologies defined by it. 
(adapted from Batista, 2007). 
Implementation 
Dates 
Total Protection 
Areas 
Partial Protection 
Areas 
Complementary 
Protection 
Areas 
East area 
of Cape 
Barbas de 
Cavalo 
West 
area of 
Cape 
Barbas de 
Cavalo 
Area of 
Portinho 
da 
Arrábida  
All other 
areas 
July 28th 2006 X1  X  X 
July 28th 2007  X1  X  
July 28th 2008 X     
July 28th 2009  X    
1This area takes effect but only under the legislation applied to partial protection areas. 
 
These restrictions have a great impact on commercial fishing and could affect a 
large number of families that depend on this activity. Many of the vessels fishing in 
the MPA are small and are consequently limited to operate near shore. Traps are 
present in all the MPA area whereas nets and longlines have more restrictive 
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distribution areas. Nets occur primarily in the area in front and west of Sesimbra‘s 
dock, and longlines occur almost exclusively less than ¼ miles offshore with the 
highest daily density in the same area. The total density of fishing gear increased in 
the area in front and west of Sesimbra‘s dock, following the 28th of July 2007, when 
a new regime of protection was implemented further increasing competition 
between fishing gears (Batista, 2007).  
 
Despite the measures contemplated by the management plan to mitigate the 
impacts on commercial fishing, none has been implemented to date, which 
aggravates even more the protests from the fishing community. Given the actual 
scenario of conflict between socio-economic interests and marine preservation, it is 
of the greatest importance to invest in scientific knowledge and find ways to 
preserve the natural environment as well as the wellbeing of local populations and 
sustainable development of the region. The involvement of local communities is 
crucial to the success of MPA, which was not efficiently conducted in the Arrábida 
MPA. To contribute to the sustainable development of this marine protected area, it 
is important to increase as much as possible the knowledge on catch losses by 
fishermen, real impact of vessels operating in the MPA and to consider alternatives 
to support measures that can reduce the MPA impact on socio-economic conditions 
of local fishermen without affecting the preservation objectives. 
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II. Catch and by-catch of artisanal fisheries in the Arrábida Marine 
Protected Area (Portugal) 
 
2.1. Introduction 
For a long time, marine resources were considered to be inexhaustible. The 
characteristics of the marine environment, which contains most of the world‘s 
biodiversity, pose many obstacles for its conservation, which only recently has been 
focused by conservationists (Agardy, 1994). Conventional methods for conserving 
marine resources focused on individual species rather than ecosystems, and tried to 
control fishing effort (Dugan and Davis, 1992) through predictions of fish stocks 
which are very unstable (Kelleher, 1999). These methods have repeatedly failed 
(Agardy, 1994; Kelleher, 1999; Halpern, 2003) and are inadequate to address the 
increasing pressure subjected to the marine environment, particularly on coastal 
zones (Agardy, 2000). Recently, Marine Protected Areas (MPA) have rapidly 
become main tools for addressing marine conservation issues worldwide (Agardy, 
1994; Agardy et al, 2003; Murawski et al, 2000; Murray et al, 1999; Pikitch et al, 
2004; Roberts et al, 2001). Their double potential to efficiently conserve marine 
resources and manage fisheries has created a strong consensus that they should be 
an integral component of any marine management plan, including fisheries 
management (Costanza et al, 1998; Sumaila et al, 2000). Generally, MPA refer to 
management areas in which usage is regulated by zoning for different activities 
(Sumaila et al, 2000). According to Chape (2003), there are over 4000 MPA 
worldwide which can be explained given the rapid and accelerating process in MPA 
establishment, with virtually every coastal country having implemented some form 
of MPA (Agardy et al, 2003). Because specific circumstances vary widely around the 
world, one could say every MPA is unique (Agardy et al, 2003). But the tendency to 
decree as many MPA as possible, without clear understanding of many of the 
complexities of balanced framework, is frequently based on opportunity rather than 
ecological criteria and may inadvertently constrain success (Agardy et al, 2003; 
Sala et al, 2002).  
  
From a management perspective, no-take MPA, where harvest is totally prohibited, 
are easier to manage than multiple-use MPA, which can accommodate multiple 
users in areas where coastal populations, tourism and resource use conflicts are on 
the rise (Day, 2002), but less likely to be effective for highly migratory species that 
spend only a small amount of time in the area (Bonhsack, 1993). The Arrábida MPA 
accommodates various activities, including artisanal fisheries which have a very 
strong tradition in the area. The creation of a protected area in the Arrábida coast 
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was first approached when the terrestrial area was implemented, in 1976, but it 
was not until 1998 that it was finally carried out based much more on opportunity 
than on ecological criteria or even social data. On multiple-use MPA, gaining 
acceptance by all user groups is crucial to the success of the MPA as a management 
tool. Using solely biological criteria to establish a MPA could define it as successful 
when in fact it is not that simple.  
  
Christie et al (2003) stated that a particular MPA may be both a biological ―success‖ 
– resulting in improved habitat and increased fish abundance and diversity – and a 
social ―failure‖ – lacking participation in management, sharing of economic benefits 
and conflict resolution mechanisms. In this situation, social issues must be resolved 
in order to maintain biological gains (Pollnac and Crawford, 2000). Biological and 
social goals may be contradictory or unequally appealing to different groups 
resulting in controversy and conflict (Christie et al, 2003). The majority of local 
fishermen agree that the area should be under protection but they don‘t agree with 
most of the actual management measures (Batista, 2007). The difficulty in socio-
biological dynamics in multiple-use MPA contribute to the high rate of MPA failure – 
reaching 90% in some countries (White et al, 2002). These low success rates have 
often been attributed to the inadequate consultation and involvement of local 
communities during the planning and decision making processes (Kelleher and 
Kenchington, 1992). In this case, the strong contestation by local fishermen proves 
that the implementation process was inefficiently conducted. Reconciling different 
uses in MPA is challenging particularly when the usage patterns of different 
stakeholder groups overlap and differential regulations lead to animosity among 
users (Oracion et al, 2005). MPA, as management tools, are products of social 
institutions (Pomeroy et al, 2006) and although it is understood that social science 
is important it is conducted too late in the process to influence policies (Salm et al, 
2000). To fishermen, in particular, a perception of MPA is that they will give up 
benefits from an area in exchange for highly uncertain future returns. MPA benefits 
are not clear upon implementation and their success depends on the capacity to 
involve fishermen in implementation processes, and work not only to show them 
the benefits but to solve socio-economic issues that can occur (Batista, 2007). In 
this case, local fishermen have always worked in this activity and their way of 
thinking is strongly dependent on the vulnerability of that activity and difficulties 
felt throughout their lives as fishermen, which only makes this particular 
community very sensitive about the MPA. As highlighted above, fishery activities 
are the most restricted human activities by the Arrábida MPA.  
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Batista (2007) found that trammel nets, traps targeting octopus, Octopus vulgaris 
Cuvier, 1797, and longlines are the main fishing gear used by local fishermen inside 
the MPA. Trammel nets are commonly stationary gear, and although they target 
mostly soles and cuttlefish, their selectivity is lower than that of the other gear, and 
captures of small organisms and non-target species, mainly demersal species, fish 
and crustaceans are common (Borges et al, 2001; Batista and Cabral, 2005; 
Stergiou et al, 2006). Traps occurring in the area target common octopus and also 
some species of crustaceans, being a very selective gear (Batista, 2007). There are 
a few studies regarding longline fishing in the Portuguese coast and those available 
refer to longline with different target species than those of the present study (e.g. 
Erzini et al, 2001; Santos et al, 2002). Longlines in the studied area target mostly 
sparid species, family Sparidae, (Batista, 2007) and have high selectivity since fish 
is captured alive, which allows for size and species to be very specific (Santos et al, 
2002).  
 
―Ghost‖ fishing of lost gear and discards of undesirable catches to the sea are 
important impacts of those fishing gear on the marine ecosystems (Brown et al, 
2005). For example, lost trammel nets can continue to capture organisms from a 
few days to months, depending on the bottom characteristics and sea conditions 
(Erzini et al, 1997; Baeta & Cabral, unpublished data). Marine mammals and other 
fish and sea birds species are important by-catch of longlines, gill nets and trammel 
nets around the world (Brown et al, 2005). Thus, the main goal of this study was to 
characterize catches and by-catch of three artisanal fisheries which are the most 
common fishing gear occurring in the Arrábida MPA: longlines, trammel nets and 
traps. Given the difficult scenario regarding this MPA, where the conflicts between 
human activities and conservation goals have been of high relevance, the results 
obtained may contribute to a sustainable management of this protected area.   
 
2.2. Methods 
Sampling Area 
The present study was conducted at the Marine Protected Area of the Parque 
Natural da Arrábida. This MPA embodies all the coastal area from the sandbanks at 
the mouth of the Sado estuary to the rocky shore north of Cape Espichel. The MPA 
limit offshore is approximately 2 miles in front of Praia da Foz which is the MPA‘s 
northern limit. This protected area is divided into 8 sub-areas subjected to three 
levels of protection: total, partial and complementary protection (figure 1). 
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Figure 1 - Marine Protected Area of the Parque Natural da Arrábida with respective sub-
protection areas. A, C and H – complementary protection areas; B, E, G and I – partial 
protection areas; F – total protection area.    
 
Sampling surveys 
The present study focused on three different artisanal fisheries which are the 
predominant fishing gear occurring in the area: traps, trammel nets and longlines. 
One métier was chosen for each gear: traps for common octopus, trammel nets for 
soles, Solea senegalensis Kaup, 1858 and Solea solea (Linnaeus, 1758) and 
longlines for Sparidae species.  In order to characterize catch and by-catch of traps 
and trammel nets, fishing trips aboard fishing vessels operating in the MPA or 
closely areas were conducted. Vessels operating with longlines are very small which 
made sampling aboard these vessels impracticable. Thus, to characterize longline 
experiments were conducted aboard a recreational boat and fishing practices were 
conducted by a professional fisherman. 
 
A total number of 41 trips were conducted with 16 trips aboard vessels operating 
with traps, 19 aboard vessels operating with trammel nets and 6 longline fishing 
experiments. Commercial fishing vessels in which sampling took place have similar 
characteristics: they have between 2 and 6 years of age, approximately 7 meters in 
length, between 50 and 60 HP and are built in fiber glass. The boat used to conduct 
longline experiments has 6 meters in length, 45 HP and is built in fiber glass.   
 
11 
 
A total of 4777 traps from 144 sets, 38731 net panes from 48 sets and 1850 hooks 
from 42 sets were sampled. Sampling occurred between May 2007 and April 2008. 
Longline experiments occurred between February and April 2008. Fishing 
operations usually commenced around 6:00 am. When sampling traps, operations 
lasted for at least 6 hours. When sampling trammel nets, duration of fishing trips 
was variable depending on catches, weather conditions and number of nets per 
vessel. In longline experiments, longlines were set averagely an hour and a half 
before dawn and retrieved at sunrise. Nine of the replicates correspond to 
experiences conducted more than 200 meters of the coastline and the remaining 
were conducted less than 200 meters off the coastline.  
 
All traps sampled had an iron or steel tackle (approximate dimensions: 50 cm x 30 
cm x 20 cm) and a plastic net (3 cm rectangular mesh) which covers it. Each trap 
has two compartments for the bait and an opening in the central area on the upper 
side. Common baits used were the chub mackerel, Scomber japonicus Houttuyn, 
1782 and the green crab, Carcinus maenas (Linnaeus, 1758). However, other fish 
species were occasionally used such as the bogue, Boops boops (Linnaeus, 1758), 
Atlantic horse mackerel, Trachurus trachurus (Linnaeus, 1758) and the sardine, 
Sardina pilchardus (Walbaum, 1792) always along the chub mackerel. A set of 
traps is constituted by a number of traps linked to a main cable by secondary 
cables with 10 to 15 meters spacing between each trap. In each end of the main 
cable there is a weight (usually a rock or an iron) that does not allow the cable to 
float and simultaneously avoids movement of the traps. The number of traps per 
set is variable as well as the number of sets per vessel.     
 
All trammel nets sampled were composed of three polythene rectangular net panes, 
placed on top of each other. The outer nets have a larger mesh size comparing to 
the inner net, which was 100 mm, on all samples (the minimum allowed by 
Portuguese legislation). All three panes are linked to a float line on top and a lead 
line on the bottom. Nets are used in sets where they‘re linked together with one 
meter spacing between each net. In each end of the lead line there is a weight 
(usually a rock or an iron) keeping the nets stretched. The number of nets per set 
is variable as well as the number of sets per vessel.  
 
In both gear there is a cable, attached to each weight, which has a float signaling 
the existence of that fishing gear in the area. The floats are usually identified with 
the fishing gear and the name or registration number of the vessel. 
 
12 
 
Longline gear consists of a strong and long main line and secondary lines or snoods 
placed in regular intervals. Each snood has a baited hook in the end. There are also 
floats and ballasts (rocks) placed on buoy lines to respectively float or sink the 
longline as needed. The longline experiences conducted were delineated for 
Sparidae target fishing and the hooks used were size 13. Each set contained 10 
baited hooks. Experiences took place in areas between 38º 24‘ 989 and 38º 25‘ 15 
N and 9º 10‘ 12 and 9º 11‘ 195 W. Illex spp. was the bait used on all samples.   
 
All catches were identified and weighted on board using a digital dynamometer (5 
grams precision). Total length (in mm), in fishes, total carapace width (in mm), in 
crustaceans, and total mantle length (in mm), in cephalopods, was measured using 
a ichtyometer (1 mm precision). Captured organisms were classified into three 
categories according to their destination: sale, own consumption and discards. 
Discard motive was also recorded using the following categories: inferior size to 
permitted by legislation, low or no commercial value and fish with signs of 
degradation (unsuitable to human consumption). Whenever possible, organisms 
classified as discards were returned to the sea alive, after being measured and 
weighted. In net samples and longline experiences only two categories were 
considered to classify captured organisms (catches for consumption and discards) 
since it was difficult to assess which fish was to be sold and which was to human 
consumption because this separation was done by fishermen in land (after our 
surveys). Geographic coordinates and depth of each set were recorded using 
vessel‘s depth probe and Global Positioning System, Garmin (GPSmap 60Cx). Soak 
time of each set was also recorded.  
 
Data analyses 
Coordinates of each trap and longline set were placed on top of the MPA map, using 
ArcGis 9.2, in order to be separated in samples obtained less and more than 200 
meters from the coastline. Data was analyzed in order to estimate the relative 
importance of each captured species according to the respective destination. 
Calculations were carried out in biomass (B), in grams; and number of individuals 
(N), for each captured species, and then standardized in catches per 100 traps, 
catches per 1000 meters of net and catches per 10 hooks. For traps and longlines, 
catches were compared according to the distance they were obtained from the 
coastline. Therefore, they were separated in catches obtained less and more than 
200 meters from the coastline. This division was chosen based on the Management 
Plan of the Parque Natural da Arrábida, which prohibits these fishing gear less than 
200 meters from the coastline in partial protection areas. Catches of trammel nets 
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and traps were also analyzed according to the season of the year they were 
obtained (spring/summer and autumn/winter). 
 
Differences in catches were analyzed using univariate statistic methods. So, after 
normality (Shapiro-Wilk test) and homoscedasticity (Levene test) were verified, t-
tests were conducted to compare catches with distance (less than 200 meters from 
the coastline and more than 200 meters from the coastline), for traps and 
longlines, and with season (autumn/winter and spring/summer) for traps and 
trammel nets. Whenever assumptions were not verified the correspondent non-
parametric test was used (Mann-Whitney test). 
 
The percentage of individuals captured below the size at first maturation 
(determined based on literature) per fishing day was determined.  
 
Finally, the difference between the profit per fishing trip for each gear was 
estimated and compared using data from catches and the value for each species for 
each sample day (provided by Direcção Geral das Pescas e Aquicultura). Only the 
most important daily expenses were considered for this analysis (fuel, bait and 
fishing gears).  
 
All statistical tests were conducted using Statsoft Statistica 7.0 using a level of 
significance of 0.05.    
 
2.3. Results 
Some aspects that characterize fishing routines during sampling period are 
presented in table 2. Variations in number of sets per fishing day are related to 
issues inherent to each vessel or fishing trip profit (when catches are low more sets 
are retrieved per fishing trip) for traps and, for trammel nets, these are mostly 
related to weather conditions (when weather conditions were unfavorable the 
number of sets is lower, and when weather conditions were very unfavorable all 
sets were brought to shore). The majority of vessels operating with traps have 
more traps in the water than those retrieved in a single fishing trip, alternating 
each day which sets are retrieved. For trammel nets, on all samples, all sets that 
were fishing were retrieved on each fishing trip. There were cases in which the 
vessel retrieved both nets and traps on one fishing trip, which may have limited the 
number of sets retrieved. However, this situation was not regular. 
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Table 2 - Characteristics of fishing routines in the Marine Protected Area obtained during 
observation aboard fishing vessels operating with traps (T) and trammel nets (TN).   
 Fishing Gear    
 Soak Time (h) Depth (m) 
Nº Traps or 
nets/set 
N.º 
Sets/Fishing 
Day/Vessel 
 T TN T TN T TN T TN 
Average 116.94 24.9 35.89 34.4 46.83 19.4 6.40 2.5 
Mode 48.00 24.0 52.00 17.0 40.00 20.0 7.00 3.0 
S. D. 101.30 6.2 26.48 27.5 8.61 3.3 1.88 0.6 
Minimum 24.00 20.0 4.50 14.0 30.00 16.0 3.00 3.0 
Maximum 360.00 48.0 103.00 91.0 80.00 36.0 10.00 1.0 
 
A total of 80 species were recorded for trammel nets, 36 for traps and 28 for 
longlines (tables 3, 4 and 5). A total of 45 species with considerable commercial 
value were identified, including the common octopus, Octopus vulgaris Cuvier, 
1797, common sole, Solea solea (Linnaeus, 1758), Senegalese sole, Solea 
senegalensis Kaup, 1858, common cuttlefish, Sepia officinalis Linnaeus, 1758, 
common seabream, Pagrus pagrus (Linnaeus, 1758), the white seabream Diplodus 
sargus (Linnaeus, 1758), the common two-banded seabream Diplodus vulgaris 
(Geoffroy Saint-Hilaire, 1817) and the axillary seabream, Pagellus acarne (Risso, 
1827) which are the target species of each fishing gear.  
 
Cephalopods are the most represented group (91%) in total catches (in biomass) 
for traps, followed by fishes (7%), echinoderms and crustaceans (each with 1%). 
The group of fishes accounts for 64% of the total trammel net catches (in biomass), 
followed by mollusks (25%), echinoderms (10%) and crustaceans (1%) and is also 
the dominant group in longline experiments, accounting for 96% of total catches (in 
biomass), followed by echinoderms and cephalopods (each with 2%).  
 
Considering only catches for consumption (either own consumption or for sale), 
octopus accounts for 97% of the total biomass captured with traps and 84% in 
number of individuals. These values increase even further considering only catches 
for sale (99% in biomass and 94% in number of individuals). In fishes, 
Halobatrachus didactylus (Bloch & Schneider, 1801), Scorpaena notata Rafinesque, 
1810 and Spondyliosoma cantharus (Linnaeus, 1758) are the most represented 
species in catches. Starfishes and sea cucumbers constitute the majority of 
echinoderms captured and Necora puber (Linnaeus, 1767), Maja squinado Herbst, 
1788 and Scyllarides latus Latreille, 1803 are the most relevant crustacean species 
captured (table 3).    
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Trammel net target species (S. officinalis, S. senegalensis and S. solea) account for 
30.5% of the total biomass captured with this fishing gear (46.4% when 
considering only catches for consumption – either for sale or own consumption). 
Soles account for 17.9% of the total fish biomass captured and S. officinalis 
accounts for 78% of total mollusk biomass captured (table 4).  
 
Longline target species P. pagrus, D. sargus, D. vulgaris and P. acarne account for 
36% of the total biomass captured with this fishing gear.  
 
Of all species captured with traps, only O. vulgaris, Muraena helena Linnaeus, 
1758, Conger conger (Linnaeus, 1758), S. cantharus, N. puber, M. squinado, S. 
latus and S. officinalis were commercialized. All other species were destined for own 
consumption (table 3). Species from classes Holothuroidea and Stelleroidea and, in 
fishes, H. didactylus, S. notata, Balistes capriscus Gmelin, 1789, Coris julis 
(Linnaeus, 1758), D. vulgaris, D. sargus, Serranus hepatus (Linnaeus, 1758) and 
Ctenolabrus rupestris (Linnaeus, 1758) are the most representative species in 
discards, excluding O. vulgaris. Most of the times, O. vulgaris and S. notata were 
discarded alive (table 3).    
 
In trammel nets, discards account for 33.8% of the total biomass captured. All 
individuals from classes Stelleroidea and Holothuroidea were discarded due to their 
null commercial value. In fishes, Argentina sphyraena Linnaeus, 1758, Boops 
boops, Callionymus lyra Linnaeus, 1758, Capros aper (Linnaeus, 1758), Lepidotrigla 
cavillone (Lacepède, 1801), Lepidotrigla dieuzeidei Blanc & Hureau, 1973, C. 
conger, Mullus sp., Macrorhamphosus sp., Myliobatis aquila (Linnaeus, 1758), S. 
japonicus and S. notata have discard rates higher than 90% (table 4). 
 
Analysis of catches with traps revealed a greater number of species identified more 
than 200 meters of the coastline. Less than 200 meters from the coastline, only 4 
species of significant commercial value were identified, including O. vulgaris, N. 
puber, S. latus and M. helena whereas more than 200 meters from the coastline M. 
squinado, C. conger and S. cantharus join O. vulgaris and N. puber as commercially 
significant species captured (table 3). 
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Table 3 – Catches of fishing traps in the MPA in samples obtained less and more than 200 meters from the coastline, divided according to destination: 
own consumption, sale and discards. B – Biomass (g.100 traps-1) and N – Number of Individuals (Number of Individuals.100 traps-1).  
 
  Catches Less Than 200 Meters from the Coastline  Catches More Than 200 Meters from the Coastline 
  Total Own 
Consumption 
Sale Discards  Total Own 
Consumption 
Sale Discards 
Species  B N B N B N B N  B N B N B N B N 
Class Bivalvia                   
   Order Veneroida                   
     Family Veneridae                   
Callista chione  - - - - - - - -  5,9 < 0,1 - - - - 100,0 100,0 
Class Gastropoda                   
   Order Aplysiomorpha                   
     Family Aplysiidae                   
Aplysia punctata  5,6 0,1 - - - - 100,0 100,0  5,2 < 0,1 - - - - 100,0 100,0 
   Order Mesogastropoda                   
     Family Ranellidae                   
Charonia spp.   58,7 0,1 - - - - 100,0 100,0  14,2 < 0,1 100,0 100,0 - - - - 
Class Cephalopoda                   
   Order Octopoda                   
     Family Octopodidae                   
Eledone cirrhosa  - - - - - - - -  16,5 < 0,1 - - - - 100,0 100,0 
Octopus vulgaris  16197,9 19,7 9,1 11,4 70,2 51,4 20,7 37,1  20638,7 17,0 6,8 11,7 88,2 76,3 4,9 12,1 
   Order Sepiida                   
     Family Sepiidae                   
Sepia officinalis  15,9 0,1 100,0 100,0 - - - -  120,8 0,4 16,6 11,8 83,4 88,2 - - 
(continues) 
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Table 3 (continued)     
  Catches Less Than 200 Meters from the Coastline  Catches More Than 200 Meters from the Coastline 
  Total Own 
Consumption 
Sale Discards  Total Own 
Consumption 
Sale Discards 
Species  B N B N B N B N  B N B N B N B N 
Class Malacostraca                   
   Order Decapoda                    
     Family Galatheidae                   
Galathea strigosa  6,6 0,1 - - - - 100,0 100,0  - - - - - - - - 
     Family Majidae                   
Maja squinado  84,4 0,1 - - - - 100,0 100,0  29,1 < 0,1 - - 100,0 100,0 - - 
     Family Nephropidae                   
Homarus gammarus  46,9 0,1 - - - - 100,0 100,0  - - - - - - - - 
     Family Portunidae                   
Necora puber  564,3 4,1 50,4 50,0 46,0 45,5 3,7 4,5  15,2 0,1 43,3 40,0 22,4 20,0 34,3 40,0 
Polybius henslowi  - - - - - - - -  7,1 0,2 - - - - 100,0 100,0 
     Family Scyllaridae                   
Scyllarides latus  113,5 0,9 82,6 80,0 9,1 10,0 8,3 10,0  - - - - - - - - 
Class Stelleroidea                   
   Order Forcipulatida                   
     Family Asteriidae                   
Marthasterias glacialis  103,7 1,5 - - - - 100,0 100,0  41,0 0,3 - - - - 100,0 100,0 
   Order Paxillosida                   
     Family Astropectinidae                   
Astropecten spp.  7,5 0,1 - - - - 100,0 100,0  38,9 0,4 - - - - 100,0 100,0 
Astropecten aranciacus  - - - - - - - -  9,8 0,1 - - - - 100,0 100,0 
         (continues) 
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Table 3 (continued)     
  Catches Less Than 200 Meters from the Coastline  Catches More Than 200 Meters from the Coastline 
  Total Own 
Consumption 
Sale Discards  Total Own 
Consumption 
Sale Discards 
Species  B N B N B N B N  B N B N B N B N 
   Order Ophiurida                   
     Family Ophiuridae                   
          Ophiuridae n.i.  - - - - - - - -  0,5 < 0,1 - - - - 100,0 100,0 
Class Echinoidea                   
   Order Echinoida                   
     Family Echinidae                   
          Echinidae n.i.  - - - - - - - -  4,3 0,1 - - - - 100,0 100,0 
Class Holothuroidea                   
   Order Aspidochirotida                   
     Aspidochirotida n.i.  426,8 3,6 - - - - 100,0 100,0  120,6 0,9 - - - - 100,0 100,0 
     Family Stichopodidae                   
Parastichopus regalis   - - - - - - - -  3,4 < 0,1 - - - - 100,0 100,0 
Class Actinopterygii                   
   Order Anguilliformes                   
     Family Congridae                   
                Conger conger  - - - - - - - -  47,8 < 0,1 - - 100,0 100,0 - - 
     Family Muraenidae                   
Muraena helena  280,5 0,5 - - 72,2 80,0 27,8 20,0          
   Order Batrachoidiformes                   
     Family Batrachoididae                   
 Halobatrachus didactylus  21,6 0,1 - - - - 100,0 100,0  985,9 4,6 - - - - 100,0 100,0 
            (continues) 
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Table 3 (continued)     
  Catches Less Than 200 Meters from the Coastline  Catches More Than 200 Meters from the Coastline 
  Total Own 
Consumption 
Sale Discards  Total Own 
Consumption 
Sale Discards 
Species  B N B N B N B N  B N B N B N B N 
   Order Gadiformes                   
     Family Gadidae                   
Trisopterus luscus  - - - - - - - -  33,3 0,3 89,8 93,3 - - 10,2 6,7 
   Order Perciformes                   
     Family Labridae                   
Labridae n.i.  - - - - - - - -  1,4 < 0,1 - - - - 100,0 100,0 
Coris julis  56,3 0,6 - - - - 100,0 100,0  8,7 0,1 11,8 20,0 - - 88,2 80,0 
Ctenolabrus rupestris  32,8 0,5 - - - - 100,0 100,0          
Symphodus bailloni  - - - - - - - -  3,9 < 0,1 - - - - 100,0 100,0 
Symphodus melops  7,3 0,1 - - - - 100,0 100,0          
Symphodus roissali  23,5 0,3 - - - - 100,0 100,0  3,0 < 0,1 53,8 50,0 - - 46,2 50,0 
     Family Mullidae                   
Mullus barbatus  - - - - - - - -  2,5 < 0,1 100,0 100,0 - - - - 
     Family Serranidae                   
Serranus cabrilla  9,2 0,1 - - - - 100,0 100,0          
Serranus hepatus  - - - - - - - -  11,2 0,2 3,3 14,3 - - 96,7 85,7 
     Family Sparidae                   
Diplodus sargus  23,5 0,1 - - - - 100,0 100,0  15,4 < 0,1 100,0 100,0 - - - - 
Diplodus vulgaris  - - - - - - - -  23,4 0,3 53,9 30,8 - - 46,1 69,2 
Pagrus pagrus  - - - - - - - -  2,3 < 0,1 100,0 100,0 - - - - 
Spondyliosoma cantharus  - - - - - - - -  177,4 1,0 92,9 93,5 7,1 6,5 - - 
                 (continues) 
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Table 3 (continued)     
  Catches Less Than 200 Meters from the Coastline  Catches More Than 200 Meters from the Coastline 
  Total Own 
Consumption 
Sale Discards  Total Own 
Consumption 
Sale Discards 
Species  B N   B N   B N   B N    B N   B N   B N   B N 
   Order Pleuronectiformes                   
     Family Scophthalmidae                   
Zeugopterus punctatus  - - - - - - - -  1,8 < 0,1 - - - - 100,0 100,0 
   Order Tetraodontiformes                   
     Family Balistidae                   
Balistes capriscus  61,4 0,2 41,2 50,0 - - 58,8 50,0  36,5 0,1 49,2 50,0 - - 50,8 50,0 
   Order Scorpaeniformes                   
     Family Scorpaenidae                    
Scorpaena notata  - - - - - - - -  248,1 2,5 - - - - 100,0 100,0 
Scorpaena porcus  - - - - - - - -  2,0 < 0,1 100,0 100,0 - - - - 
   Order Syngnathiformes                   
     Family Centriscidae                   
Macroramphosus spp.  - - - - - - - -  0,7 < 0,1 - - - - 100,0 100,0 
Total 
 
18147,96 32,83 
       
22676,64 28,90 
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Table 4 - Catches of trammel nets in the MPA. Percentage of retained and discarded catches per species. B – Biomass (g.1000 m-1 net) and N – Number 
of Individuals (Number of Individuals.100 m-1 net). 
 TOTAL Retained Discarded 
Species B N B N B N 
Class Actinopterygii       
   Order Anguilliformes       
     Family Congridae       
Conger conger  3,1 0,052 0,0 0,0 100,0 100,0 
   Order Batracoidiformes       
     Family Batrachoididae       
Halobatrachus didactylus 335,5 0,955 80,6 73,0 19,4 27,0 
   Order Clupeiformes       
     Family Clupeidae       
Alosa fallax 19,4 0,026 100,0 100,0 0,0 0,0 
Sardina pilchardus 7,6 0,129 20,3 20,0 79,7 80,0 
   Order Gadiformes       
     Family Gadidae       
Trisopterus luscus 88,8 0,749 78,5 72,4 21,5 27,6 
     Family Merlucciidae       
Merluccius merluccius 1539,9 8,107 81,7 74,2 18,3 25,8 
     Family Phycidae       
Phycis phycis 14,7 0,026 100,0 100,0 0,0 0,0 
   Order Osmeriformes       
     Family Argentinidae       
Argentina sphyraena 16,5 0,232 0,0 0,0 100,0 100,0 
   Order Perciformes       
     Family Callionymidae       
Callionymus lyra 87,5 0,878 4,0 2,9 96,0 97,1 
     Family Carangidae       
Trachurus picturatus 5,4 0,103 52,4 50,0 47,6 50,0 
Trachurus trachurus 28,0 0,439 59,9 52,9 40,1 47,1 
     Family Labridae       
Labrus sp 14,7 0,026 100,0 100,0 0,0 0,0 
           (continues) 
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Table 4 (continued) 
   
 
TOTAL Retained Discarded 
Species B N B N B N 
     Family Moronidae       
Dicentrarchus labrax  22,2 0,026 100,0 100,0 0,0 0,0 
     Family Mugilidae       
Liza sp. 27,1 0,052 0,0 0,0 100,0 100,0 
Liza aurata  65,8 0,077 87,1 66,7 12,9 33,3 
     Family Mullidae       
Mullus barbatus  20,4 0,129 75,9 60,0 24,1 40,0 
Mullus sp. 34,3 0,207 78,9 62,5 21,1 37,5 
Mullus surmuletus 17,3 0,052 100,0 100,0 0,0 0,0 
     Family Scombridae       
Scomber japonicus 3357,5 27,007 1,5 0,5 98,5 99,5 
Scomber scombrus 91,0 0,387 71,6 66,7 28,4 33,3 
     Family Serranidae       
Serranus hepatus  3,5 0,052 100,0 100,0 0,0 0,0 
     Family Sparidae       
Boops boops  108,3 0,800 6,2 6,5 93,8 93,5 
Diplodus vulgaris 147,4 0,413 100,0 100,0 0,0 0,0 
Pagellus acarne 205,6 2,479 87,9 82,1 12,1 17,9 
Pagellus erythrinus  2,8 0,026 100,0 100,0 0,0 0,0 
Spondyliosoma cantharus  115,7 0,620 95,2 87,5 4,8 12,5 
     Family Trachinidae       
Trachinus draco 64,8 0,361 28,5 21,4 71,5 78,6 
     Family Uranoscopidae       
Uranoscopus scaber 15,9 0,026 100,0 100,0 0,0 0,0 
   Order Pleuronectiformes       
     Family Bothidae       
Arnoglossus imperialis 1,3 0,052 0,0 0,0 100,0 100,0 
Bothus podas 199,4 1,756 44,0 36,8 56,0 63,2 
     Family Citharidae       
Citharus linguatula  24,9 0,594 27,0 26,1 73,0 73,9 
      (continues) 
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Table 4 (continued)    
 TOTAL Retained Discarded 
 Species  B N B N B N 
     Family Scophthalmidae       
Lepidorhombus boscii  596,2 4,079 90,3 86,7 9,7 13,3 
Scophthalmus maximus 71,8 0,052 100,0 100,0 0,0 0,0 
Scophthalmus rhombus 100,2 0,155 100,0 100,0 0,0 0,0 
     Family Soleidae       
Dicologlossa cuneata  12,3 0,155 91,6 83,3 8,4 16,7 
Microchirus azevia  31,2 0,129 100,0 100,0 0,0 0,0 
Microchirus variegatus  53,7 1,007 71,9 66,7 28,1 33,3 
Solea lascaris  684,3 3,770 96,5 93,2 3,5 6,8 
Solea senegalensis  1584,1 4,777 99,7 98,9 0,3 1,1 
Solea solea 1028,9 2,763 99,3 98,1 0,7 1,9 
   Order Scorpaeniformes       
     Family Triglidae       
Chelidonichthys lastoviza  51,8 0,361 82,1 76,9 17,9 23,1 
Chelidonichthys lucernus  228,4 0,697 100,0 100,0 0,0 0,0 
Chelidonichthys obscurus  243,6 2,014 52,1 47,4 47,9 52,6 
Lepidotrigla cavillone  104,3 2,350 0,0 0,0 100,0 100,0 
Lepidotrigla dieuzeidei  3,2 0,077 0,0 0,0 100,0 100,0 
Trigla lyra 11,9 0,026 100,0 100,0 0,0 0,0 
     Family Scorpaenidae       
Scorpaena notata 26,9 0,284 0,0 0,0 100,0 100,0 
Scorpaena porcus 16,3 0,052 100,0 100,0 0,0 0,0 
   Order Sygnathiformes       
     Family Centriscidae       
Macroramphosus sp. 2,1 0,077 0,0 0,0 100,0 100,0 
   Order Tetraodontiformes       
            Family Balistidae 
Balistes capriscus 880,4 1,575 86,0 85,2 14,0 14,8 
   Order Zeiformes       
     Family Caproidae       
Capros aper 1,5 0,052 0,0 0,0 100,0 100,0 
      (continues) 
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Table 4 (continued)    
 TOTAL Retained Discarded 
Species B N B N B N 
Class Aves       
   Order Pelecaniformes       
     Family Phalacrocoracidae       
Phalacrocorax carbo  38,7 0,026 0,0 0,0 100,0 100,0 
Class Bivalvia       
   Order Ostreioda       
     Family Pectinidae       
Pecten maximus 7,7 0,052 100,0 100,0 0,0 0,0 
     Family Pinnidae       
Pinna spp. 91,1 0,181 0,0 0,0 100,0 100,0 
Class Cephalopoda       
   Order Octopoda       
     Family Octopodidae       
Octopus vulgaris  758,0 0,516 99,1 95,0 0,9 5,0 
   Order Sepiida       
     Family Sepiidae       
Sepia officinalis  4379,2 4,699 100,0 100,0 0,0 0,0 
   Order Teuthida       
     Family Loliginidae       
Loligo vulgaris  111,7 0,103 100,0 100,0 0,0 0,0 
Class Echinoidea       
   Order Echinoida       
 Echinoida n.i. 601,3 3,537 0,0 0,0 100,0 100,0 
     Family Echinidae       
Echinus acutus  18,6 0,103 0,0 0,0 100,0 100,0 
Paracentrotus lividus 118,5 0,697 0,0 0,0 100,0 100,0 
Class Elasmobranchii       
   Order Carcharhiniformes       
     Family Scyliorhinidae       
Scyliorhinus canicula  144,3 0,310 93,2 91,7 6,8 8,3 
   Order Rajiformes       
     Family Myliobatidae       
Myliobatis aquila 196,4 0,232 4,6 12,5 95,4 87,5 
      (continues) 
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Table 4 (continued)    
 TOTAL Retained Discarded 
Species B N B N B N 
     Family Rajidae       
Rostroraja alba 11,1 0,026 100,0 100,0 0,0 0,0 
Raja brachyura 461,6 0,542 95,5 90,5 4,5 9,5 
Raja clavata 180,0 0,207 100,0 100,0 0,0 0,0 
Raja montagui 109,5 0,232 94,6 88,9 5,4 11,1 
Raja undulata 854,7 0,568 98,5 90,9 1,5 9,1 
   Order Torpediniformes       
     Family Torpedinidae       
Torpedo marmoratus 119,3 0,052 100,0 100,0 0,0 0,0 
Torpedo torpedo 141,0 0,129 76,2 80,0 23,8 20,0 
Class Gastropoda       
   Order Neogastropoda       
     Family Volutidae       
Cymbium olla  271,2 0,284 0,0 0,0 100,0 100,0 
Class Holothuroidea       
Order Aspirochirotida       
     Family Holothuriidae       
Holothuriidae n.i. 116,3 0,671 0,0 0,0 100,0 100,0 
     Family Stichopodidae       
Parastichopus regalis 1041,7 3,976 0,0 0,0 100,0 100,0 
Class Malacostraca        
   Order Decapoda       
     Family Calappidae       
Calappa granulata  12,8 0,181 0,0 0,0 100,0 100,0 
     Family Goneplacidae       
Goneplax rhomboides  2,1 0,232 0,0 0,0 100,0 100,0 
   Superfamily Majoidea       
Majoidea n.i. 0,7 0,052 0,0 0,0 100,0 100,0 
     Family Majidae       
Maja squinado  173,6 0,100 100,0 100,0 0,0 0,0 
     Family Palinuridae       
Palinurus elephas  26,9 0,052 100,0 100,0 0,0 0,0 
      (continues) 
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Table 4 (continued)    
 TOTAL Retained Discarded 
Species B N B N B N 
Class Stelleroidea       
   Order Forcipulatida       
     Family Asteriidae       
Asterias rubens  147,7 0,284 0,0 0,0 100,0 100,0 
Marthasterias glacialis 4,0 0,026 0,0 0,0 100,0 100,0 
   Order Paxillosida       
     Family Astropectinidae       
Astropecten spp. 341,9 2,659 0,0 0,0 100,0 100,0 
Total 22900,9 92,0 
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Table 5 – Catches obtained in the longline experiences, less and more than 200 meters from the coastline. Percentage of retained and discarded catches 
per species. B – Biomassa (g.10 hooks-1, N –Number of individuals.10 hooks-1). 
 
 Catches less than 200 meters from the coastline  Catches more than 200 meters from the coastline 
 TOTAL Retained (%) Discarded (%)  TOTAL Retained (%) Discarded (%) 
 Species  B N B N B N 
 
B N B N B N 
Class Actinopterygii               
   Order Anguilliformes              
     Family Congridae              
Conger conger  108,5 0,26 51,7 25,0 48,3 75,0  39,5 0,1 - - 100,0 100,0 
     Family Muraenidae              
Muraena helena  34,5 0,05 100,0 100,0 - -  - - - - - - 
   Order Batrachoidiformes              
     Family Batrachoididae              
Halobatrachus didactylus  7,1 0,01 - - 100,0 100,0  - - - - - - 
   Order Gadiformes              
     Family Phycidae              
Phycis phycis  89,3 0,12 100,0 100,0 - -  24,1 0,1 100,0 100,0 - - 
     Family Gadidae              
Trisopterus luscus  18,7 0,09 100,0 100,0 - -  - - - - - - 
   Order Perciformes              
     Family Carangidae              
Trachurus picturatus  3,4 0,03 100,0 100,0 - -  - - - - - - 
Trachurus trachurus  2,3 0,01 100,0 100,0 - -  - - - - - - 
     Family Gobiidae              
Gobius cruentatus  0,4 0,01 - - 100,0 100,0  - - - - - - 
     Family Moronidae              
Dicentrarchus labrax  11,5 0,01 100,0 100,0 - -  - - - - - - 
     Family Scombridae              
Scomber japonicus  30,2 0,10 54,3 25,0 45,7 75,0  66,7 0,4 - - 100,0 100,0 
     Family Serranidae              
Serranus hepatus  1,3 0,01 - - 100,0 100,0  - - - - - - 
            (continues) 
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Table 5 (continued)    
 
Catches less than 200 meters from the coastline  Catches more than 200 meters from the coastline 
 
TOTAL Retained (%) Discarded (%) 
 
TOTAL Retained (%) Discarded (%) 
Species B N B N B N 
 
B N B N B N 
     Family Sparidae              
Boops boops  48,9 0,36 63,7 64,3 36,3 35,7  127,9 0,7 - - 100,0 100,0 
Diplodus sargus  90,5 0,23 98,1 94,4 1,9 5,6  - - - - - - 
Diplodus vulgaris  134,1 0,53 100,0 100,0 - -  49,7 0,2 100,0 100,0 - - 
Oblada melanura  14,8 0,06 71,7 80,0 28,3 20,0  14,4 0,1 100,0 100,0 - - 
Pagellus acarne  16,3 0,08 100,0 100,0 - -  - - - - - - 
Pagrus pagrus  170,1 0,55 100,0 100,0 - -  61,3 0,3 92,5 80,0 7,5 20,0 
Sparus aurata  -  - - - -  37,4 0,1 100,0 100,0 - - 
Spondyliosoma cantharus  24,0 0,14 100,0 100,0 - -  39,2 0,2 100,0 100,0 - - 
   Order Pleuronectiformes              
     Family Bothidae              
Bothus podas  2,6 0,01 - - 100,0 100,0  8,2 0,1 - - 100,0 100,0 
Class Cephalopoa              
   Order Octopoda              
     Family Octopodidae              
Octopus vulgaris  7,4 0,01 100,0 100,0 - -  - - - - - - 
   Order Sepiida              
     Family Sepiidae              
Sepia officinalis 18,1 0,01 100,0 100,0 - -  - - - - - - 
Class Echinoidea              
   Order Echinoida              
     Family Echinidae              
Paracentrotus lividus  -  - - - -  8,7 0,1 - - 100,0 100,0 
Class Hexacorallia              
   Order Actiniaria              
     Family Actiniidae              
Anemonia sulcata  2,1 0,06 - - 100,0 100,0  - - - - - - 
Class Holothuroidea              
   Order Aspirochirotida              
     Family Holothuriidae               
Holothuriidae n.i. 2,1 0,01 - - 100,0 100,0  - - - - - - 
            (continues) 
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Table 5 (continued)    
 Catches less than 200 meters from the coastline  Catches more than 200 meters from the coastline 
 TOTAL Retained (%) Discarded (%) 
 
TOTAL Retained (%) Discarded (%) 
Species B N B N B N 
 
B N B N B N 
Class Stelleroidea              
   Order Forcipulatida              
     Family Asteriidae              
Asterias rubens  0,5 0,01 - - 100,0 100,0  - - - - - - 
Marthasterias glacialis -  - - - -  7,8 0,1 - - 100,0 100,0 
   Order Paxillosida              
     Family Astropectinidae              
Astropecten spp.  1,7 0,01 - - 100,0 100,0  26,7 0,2 - - 100,0 100,0 
Total 840,1 2,8 
     
511,7 2,4 
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A
B
A larger number of species was recorded in spring/summer (71) comparing to 
autumn/winter (50) in trammel nets fishery. Statistic analysis revealed significant 
differences between total catches per season, both in biomass (F=9497.13; 
p<0.05) and in number of individuals (F=1562.68; p<0.05). Catch estimates, in 
biomass and number of individuals, of trammel net target species S. officinalis, S. 
solea and S. senegalensis are presented in figure 2.  
 
 
Figure 2 – Trammel net target species catches in biomass (A) and in number of individuals 
(B), according to season (autumn/winter and spring/summer).   
 
Catches were greater in autumn/winter for common cuttlefish and Senegalese sole 
both in biomass and number of individuals. For the common sole, catches were 
greater in spring/summer, both in biomass and number of individuals. Considering 
biomass, S. officinalis is, of all trammel nets target species, the most captured in 
both sampled seasons. When considering the number of individuals, the Senegalese 
sole is, of all target species, the most captured in autumn/winter and the common 
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sole the one with higher values in spring/summer. Statistical tests revealed 
significant differences in catches of S. solea between seasons in biomass 
(U=172.00; p<0.05) and number of individuals (U=173.00; p<0.05); catches of S. 
senegalensis between seasons in biomass (U=187.50; p<0.05) and number of 
individuals (U=177.50; p<0.05) and catches of S. officinalis between seasons in 
biomass (U=190.00; p<0.05).  
 
In traps, 14% of the total octopus catches in number of individuals (5% in biomass) 
were discarded because individuals were below the minimum allowed weight 
(750g). All individuals discarded to the sea were alive. Smaller individuals were 
common less than 200 meters from the coastline where the average weight is very 
close to 750 g. More than 200 meters from the coastline the average weight per 
individual is, generally, superior to 1200 g (figure 3).  
 
 
Figure 3 – Average weight of Octopus vulgaris individuals captured according to season 
(spring/summer and autumn/winter) and distance from the coastline (less than 200 meters - 
< 200 – and more than 200 meters - > 200).  
 
Statistical analysis revealed significant differences in octopus catches between 
seasons in biomass (U = 3128.00; p<0.05) and number of individuals (U=2919.50; 
p<0.05) and total number of individuals captured less and more than 200 meters 
from the coastline (U=2502.50; p<0.05).  
 
Octopus catches were greater on samples in autumn/winter, independently from 
the distance to the coastline (figure 4). Less than 200 meters from the coastline, 
octopus catches during the year were less variable than those obtained more than 
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200 meters from the coastline. In spring/summer, total octopus catches were 
similar more and less than 200 meters from the coastline.  
 
Discards and catches for own consumption account for a small fraction of total 
catches although they are relevant less than 200 meters from the coastline. The 
number of octopuses discarded less than 200 meters from the coastline was similar 
during the year. However, the biomass discarded reached higher values during 
spring/summer (figure 4). Statistical analyse revealed significant differences 
between discarded octopuses less and more than 200 meters from the coastline in 
biomass (U=1835.00; p<0.05) and number of individuals (U=1692.00; p<0.05). 
 
 
 
Figure 4 – Octopus catches, in biomass (g.100 traps-1) (A) – and in number (number of 
individuals.100 traps-1) (B), according to the distance from the coastline (less than 200 m - 
< 200 – or superior to 200 m - > 200) and season of the year. 
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In longline experiments, catches (in number of individuals and biomass) were 
greater less than 200 meters from the coastline and discards were greater more 
than 200 meters from the coastline (figure 5). Statistical analysis applied to 
longline results revealed significant differences in the total number of individuals 
captured less and more than 200 meters from the coastline (F=220.50; p<0.05); 
and in discards obtained in both distances in biomass (U=49.50; p<0.05) and 
number of individuals (F=101.60; p<0.05).  
 
 
 
Figure 5 – Catches obtained in long-line experiments, less than 200 meters from the 
coastline (black bars) and more than 200 meters from the coastline (white bars). Total 
catches, catches for consumption (either sale or own consumption) and discards are 
presented in biomass.  
 
Most discards were species with no (or very low) commercial value which is the 
main motive for discards in longline fishery. Inferior size to that permitted by 
legislation is also a discard motive for longlines with more relevance in catches less 
than 200 meters from the coastline. Degradation as motive for discard occupies a 
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very small percentage (6.06% for catches more than 200 meters from the coastline 
and 3.23% for catches less than 200 meters from the coastline).  
 
 
Figure 6 – Proportion of individuals discarded in longline experiments according to the 
discard motive, in biomass, less than 200 meters (black bars) and more than 200 meters 
(white bars) from the coastline. Discard motives considered were: Degradation – individuals 
were degraded, unsuitable for human consumption; Size – individuals were inferior to the 
size permitted by legislation; Low or no commercial value – individuals don‘t have or have a 
low commercial value.  
 
Less than 200 meters from the coastline, P. pagrus, D. vulgaris and C. conger are 
the most relevant species captured, with longlines, accounting for 49% of the total 
biomass. More than 200 meters from the coastline, B. boops, P. pagrus and S. 
japonicus account for half the total biomass captured.  
 
Catch estimates, in biomass and number of individuals, of longline target species D. 
sargus, D. vulgaris, P. acarne and P. pagrus are presented in figure 7. Statistical 
analyses revealed significant differences in total biomass of D. vulgaris captured 
with the distance to the coastline (U=76.00; p<0.05). 
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Figure 7 – Longline target species catches in biomass (A) and in number of individuals (B), 
according to distance from the coastline: less than 200 meters from the coastline (black 
bars) and more than 200 meters from the coastline (white bars).    
 
Figure 8 shows the percentage of individuals captured (in number of individuals) 
below the size at first maturation for each fishing gear. For traps, only O. vulgaris 
was considered due to the high percentage it occupies in total catches.  
 
The analyses of the percentage of the individuals of O. vulgaris (traps fishery) 
captured below the size at maturation showed that in all sampled trips small 
individuals were caught. In most of the samples, nearly 50% of the individuals 
captured were below the size at maturation (Figure 8-A). 
 
For trammel nets, the average number of individuals captured below the size at 
first maturation were low for Lepidorhombus boscii (Risso, 1810), S. solea, Solea 
lascaris (Risso, 1810), S. senegalensis, L. cavillone and for S. officinalis and B. 
capriscus none were captured. For Merluccius merluccius (Linnaeus, 1758), S. 
japonicus and Bothus podas (Delaroche, 1809) the average number of individuals 
captured below the size at first maturation was high. For longlines, the average 
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number of individuals from target species P. Pagrus, D. vulgaris and D. sargus 
captured below the size at first maturation were low. The average number of 
individuals of C. conger captured below the size at first maturation were high and 
for B. boops none was captured.  
     
 
 
 
 
Figure 8 – Percentage of individuals captured below the maturation size for traps (A), 
trammel nets (B) and longlines (C) per fishing trip observed (100% - all individuals captured 
were below the first maturation size; 0% - none of the individuals captured was below the 
first maturation size).  
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Figure 8 (continued) – Percentage of individuals captured below the maturation size for 
traps (A), trammel nets (B) and longlines (C) per fishing trip observed (100% - all 
individuals captured were below the first maturation size; 0% - none of the individuals 
captured was below the first maturation size).  
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Figure 8 (continued) – Percentage of individuals captured below the maturation size for 
traps (A), trammel nets (B) and longlines (C) per fishing trip observed (100% - all 
individuals captured were below the first maturation size; 0% - none of the individuals 
captured was below the first maturation size).  
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Figure 8 (continued) – Percentage of individuals captured below the maturation size for 
traps (A), trammel nets (B) and longlines (C) per fishing trip observed (100% -  all 
individuals captured were below the first maturation size; 0% - none of the individuals 
captured was below the first maturation size).  
 
The ANOVA revealed significant differences between the profit per fishing trip for 
each fishing gear (F = 537.99; p<0.05) (figure 9). Thus, we verified that traps had 
the higher mean profits, but had also the highest standard deviation values 
observed. Longlines showed the lowest benefits of studied fishing gear.  
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Figure 9 – Average () and standard deviation (Ι) values for the profit per fishing trip (€) 
for each of the three gears studied (traps, trammel nets and long-lines).  
 
2.4. Discussion 
The present study constitutes the first comparative approach of the main fishing 
métiers used in the Arrábida MPA. Results indicate that the catches and bycatches 
differ considerably according to the métiers.    
 
Octopus is fished throughout the MPA area, particularly with fishing traps, but also 
as by-catch of other fishing gear such as trammel nets. Traps depend almost 
exclusively on this resource, which accounts for more than 90% of the total 
biomass captured.       
 
Octopus is a resource of significant importance in the Mediterranean and 
northeastern Atlantic (Belcari & Sartor, 1993; Hérnandez-García et al, 1998; 
Quetglas et al, 1998; Otero et al, 2007; Fernández-Rueda & Garcia-Flórez, 2007) 
particularly in the Iberian coast (Lourenço, 2005). A report shows that Portugal 
accounts for more than 50% of the total octopus landings within the ICES area 
(ICES, 2005).  
 
According to Coelho (2001), O. vulgaris is one of the most captured species in the 
MPA. Finfish landings, traditionally more significant, decreased in the last two 
decades resulting in an increased fishing effort directed to octopus. Following this 
increase during the last decade, artisanal fisheries representatives suggested the 
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responsible entities that octopus resources should be object of protective measures 
(Pereira, 1999).  
 
In the present study, octopus was captured near shore as well in more distant 
areas, more than 200 meters from the coastline. However, the average weight of 
octopuses caught less than 200 meters from the coastline was lower comparing to 
samples obtained more than 200 meters from the coastline. This variation appears 
to be related with depth, which increases with the distance from the coastline, since 
O. vulgaris is a benthic species occurring from the coastline to the outer edge of the 
continental shelf, in depths from 0 to 200 meters (Roper et al, 1984).  
  
According to Sousa-Reis et al (1984), higher densities of O. vulgaris can be found in 
depths from 20 to 80 meters, in sandy bottoms, which is reflected by the results 
obtained. The availability of solid materials, such as rocks and stones is a significant 
constraint for the distribution of O. vulgaris on soft sediment (Katsanevakis & 
Verriopoulos, 2004a). These materials necessary for den construction are likely to 
be less abundant far from shore, as a result from erosion (Katsanevakis & 
Verriopoulos, 2004b).  
 
Octopus catches were higher in autumn/winter (in biomass and number of 
individuals), both less and more than 200 meters from the coastline, as revealed by 
statistical analysis. This species is known to undertake limited seasonal migrations, 
usually overwintering in deeper waters and occurring in shallow waters during the 
summer. Large mature, or maturing individuals, migrate inshore in early spring and 
are followed later on by smaller immature individuals (Guerra, 1975; Roper et al, 
1984). Carvalho (2001) estimates a period of 13-15 months for the life cycle of O. 
vulgaris in Portuguese waters. According to this author, there are two sexual 
maturation peaks: one in November (the less significant) and the other between 
May and July.  
 
According to Lourenço & Pereira (2006), octopus landings, in the Portuguese coast 
are characterized by a series of peaks at approximately three months intervals with 
the largest monthly landing occurring in April, which is coincident with the 
recruitment peak for this species. This pattern was not identified in the present 
study since we considered two seasons and the pattern identified by the referred 
authors can be hidden.   
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According to Rodhouse et al (1992), octopus population dynamics, namely 
recruitment, appears to be very susceptible to adverse environment conditions due 
to its short life cycle, with little resilience to climate changes. This could turn to be 
a pressure factor over this species, which can eventually originate a decrease in 
total catches. However, Lourenço (2005) suggests that global warming could lead 
to increases in certain geographic areas, since octopus growth is accelerated by 
increases in temperature, which could be proven true in the study area, since the 
results obtained by Almada et al (2000) point to a consistent increase in water 
temperature.   
 
Borges et al (2001) evaluated the by-catch and discard practices in five Algarve 
métiers and classified O. vulgaris as a frequently rejected species. However, the 
quantities of these discards don‘t appear to be significant (Erzini et al, 2002). In the 
present study, 14% of the octopuses captured were discarded because they didn‘t 
meet the minimum size allowed by legislation, which was more relevant for samples 
less than 200 meters from the coastline, where the average weight of individuals 
was lower. Discards for this species don‘t appear to have considerable negative 
impacts, since all discarded individuals were returned to the sea alive, apparently in 
conditions to proceed with their life cycle. However, fisherman behavior could be 
influenced by our presence onboard leading them to discard individuals that they 
wouldn‘t discard in normal fishery days. Anyway, we believe that in this fleet 
segment most of small octopuses are discarded alive.  
 
It is also important to refer that lost fishing gears continue to fish trough ―ghost-
fishing‖, which can alter sensitive habitats (Guillory et al, 2001). However, for 
traps, this aspect is generally not significant (Eno et al, 2001), since catches in lost 
traps are higher in the first two weeks after deployment and decline sharply in 
about 24 hours (Erzini et al, 2008).  
   
This fishery, and its main target species, the common octopus, should be subject of 
further studies to evaluate the levels of exploitation throughout the Portuguese 
coast, and the MPA in particular to make way for the implementation of effective 
protection measures. A study conducted in the Asturias (north of Spain) by 
Fernández-Rueda & García-Flórez (2007), suggests a minimum capture weight of 
1000g as adequate to protect the population during spawning season and also 
suggest a close monitoring of octopus landings every fishing season to allow 
variations to be detected. It is possible that a closer control of fishing effort within 
the MPA could bring more benefits to its adequate management than the actual 
43 
 
limited fishing zones. Given the strong contestation by local fishermen, the 
existence of scientific data that could justify the implementation of such restrictive 
measures would serve to attenuate the conflict between fishermen and MPA.   
 
The results obtained from this study revealed that trammel nets, are relevant in the 
MPA as a primary fishing gear as well as an alternative to other gears such as 
traps.  
 
Almada et al (2000) recorded, through visual census, 96 species in the area and, 
previously Henriques et al (1999) had recorded 110 using the same method. 
Remarkably, a total of 80 species were recorded in total catches of trammel nets 
fishery, but only 39 are commercially valuable which is in accordance with other 
studies conducted using the same gear (Erzini et al, 2001).  Discards account for 
half the number of individuals captured. The group of fish is the most 
representative in catches, in biomass, followed by mollusks and echinoderms. M. 
merluccius, O. vulgaris and some species of skates are the most important by-catch 
for this fishery. S. senegalensis, S. solea and S. officinalis account for 46.39% of 
total biomass but only 20.43% in number of individuals captured. 66.2% of total 
biomass captured was destined for consumption (either sale or own consumption). 
But 57.8% of the total individuals captured were discarded, which shows a low 
selectivity for trammel nets. Erzini et al (2001) shows that discarding was 
significant in terms of the number of species, numbers discarded and biomass 
discarded and the greater number of species that composed the discards was 
registered in the Algarve (southern Portugal). Despite the fact the effects of 
discarding on community, trophic interactions and stability are largely unknown, 
there are, however, some studies that point to the importance of discards to other 
groups such as demersal fishes and seabirds (Olaso et al, 1998; Garthe et al, 1996; 
Pauly & Christensen, 1995).       
 
Jensen et al (1988) refer that discards may have a significant effect on recruitment 
to a fishery, representing a loss in terms of production, particularly when these 
consist of large numbers of juveniles of marketable species.  
 
A study of 5 fishing métiers conducted in south Portugal, in which the discard rates 
were determined for different fishing gear, revealed that trammel nets are, from 
the gear studied, the one with the lowest discard rate (13% of total catches), 
followed by pelagic purse seining and demersal purse seining with 20%, fish 
trawling with 62% and crustacean trawling with 70% (Borges et al, 2001). The 
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discard rate for beach seine demonstrated by Cabral et al (2003) was 44%. 
Although discard rate determined in this study is higher than that determined by 
Borges et al (2001) in Algarve, and by Batista & Cabral (2005) near the MPA, it is 
still lower than the other gears mentioned. Discard can occur for a number of 
reasons (Clucas, 1997) although factors related to commercial value are 
predominant (FAO, 1995).  
 
In the present study, individuals were discarded because they had low or no 
commercial value or due to their degraded condition, being unsuitable for human 
consumption. Since nets entangle individuals within them, the time that nets were 
set fishing clearly influences the amount of degraded individuals that appear in 
catches. According to Borges et al (2001), nets that are set for periods up to 12 
hours or more are characterized by the poor condition of the catch. In the present 
study, trammel nets were immerse for an average period of 25 hours which may 
explain the predominance of the factor degradation as a motive for discards, which 
was also verified by Erzini et al (2001), although environmental factors (e.g. depth, 
hydrodynamic conditions, bottom morphology) and also biological factors (e.g. high 
density of scavengers and predators) could influence the mean time for degradation 
of entangled captures.   
 
Although the minimum size allowed by legislation is an important factor in discards 
in other locations, namely in the northern sea (Clucas, 1997), the capture of 
individuals undersize was rare, in this trammel net fishery, due to selectivity that is 
imposed by mesh size (100 mm). Discard of target species in the present study 
was very low and for S. officinalis none of the individuals captured was discarded. 
When observed, discards were due mostly to the degraded condition of individuals. 
This was also the case in southern Algarve, where the poor condition of the 
individuals was the most important motive for discards with trammel nets (Borges 
et al, 2001). These authors refer that discarded species represent economical 
losses in cases where they could be used in the production of fish oils and other 
products which, however, has not great relevance in the study area.  
 
Trammel nets total catches, in biomass, were greater during autumn/winter as well 
as discards. Since total catches of S. officinalis and S. senegalensis were greater in 
this season, fishermen would likely depend less on by-catch species to generate 
profit, which could explain the higher number of discards in comparison to 
spring/summer. S. solea and S. senegalensis are morphologically identical and, 
most of the times, not distinguished at fishing docks. Although they are both 
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important species in catches for this fishery, S. senegalensis was relatively 
abundant during both sampling seasons and, as such, more profitable. S. officinalis 
was equally abundant during both sampling seasons although this species is highly 
seasonal in nature, which was reflected in catches, being less captured during the 
end of spring and during summer (Erzini et al, 2001). 
 
The catches of S. solea were much greater during sampling conducted during 
spring/summer. Some studies refer that this species has migrations during the 
reproductive season which results in high concentrations of individuals in certain 
areas (Dinis, 1986; Andrade, 1990; Rijnsdorp, 1992) which is traduced in higher 
captures (Petitgas et al, 2003). In the present study it was not possible to prove 
this evidence for other geographic areas since sampling was fishery based rather 
than species.   
 
Opposite to trammel nets and traps, the approach chosen to study longline fishery, 
was not based on the characterization of total catches from fishing trips aboard 
commercial vessels operating in the MPA, given their very small size.  
 
The results obtained showed that its unequivocal the loss of valuable captures more 
than 200 meters from the coastline. Considering the commercial value of captured 
species, this loss is very significant since species with low commercial value such as 
S. japonicus and B. boops are among the most captured more than 200 meters 
from the coastline. Therefore, it is possible to conclude the measures applied by the 
current management plan have a very negative impact on longlines targeting fishes 
from the family Sparidae.  
 
It is also possible to conclude that estimated discards from longline experiences 
were lower less than 200 meters from the coastline where the number of 
individuals captured with size below the minimum allowed by legislation was also 
very low. Erzini et al (1999) summarize the characteristics of longlines as: minimal 
capture of undersized fish, essentially no harmful effects in terms of the 
environment, low energy costs, low discard rates, and the capture of a high quality 
product. Thus, the impacts of this fishery are mostly likely to be felt at the 
population level. Almada et al (2000) refer that, in the MPA area, fishes from the 
family Sparidae have very distorted demographic pyramids with a low abundance of 
adults.  
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Most of the individuals captured with longlines are alive and with little or no signs of 
degradation. Therefore, the size of individuals retained (either for sale or own 
consumption) is more dependent on fisherman‘s criteria rather than fishing gear.   
 
A study conducted in the Adriatic Sea, showed that the catch efficiency of hooks 
with the point directed towards the line of the pull (Norwegian hooks) is higher than 
that of hooks commonly used in longline fishery (J-shaped). These innovative hooks 
perform better than J-shaped hooks on both muddy and rocky bottoms and also 
increase the profit for this fishery, mainly because they catch larger individuals. 
This study concludes that with these hooks fish are caught in the jaw region 
(opposed to J-shaped hooks which are, most of the times, swollen) and, therefore, 
are more likely to be alive when hauled increasing the quality of fish captured. 
Finally, it concludes that the cost of changing to the innovative hooks is low and the 
increased profit more than compensates the slightly higher price (Tatone, 2008).  
 
The characteristics of the vessels operating with longlines (small vessels which 
cannot operate far from shore) and inherent legislative restrictions make hard the 
change to other resources or moving to different areas that would require vessels 
with more exigent technical features and further increase the impact on this 
fishery.  
 
In this particular case, it is necessary to conduct studies applied to target species in 
order to assess, with precision, the exploitation status of stocks and the impact this 
fishery has on target species. Possible results could lead to the implementation of 
more specific restrictions in order to preserve species and stocks and, at the same 
time, reduce the impact on fishermen that are dependent on this fishery. It is 
important to mention that the sustainable development through the promotion of 
economic-traditional activities such as traditional longline fishing is an objective 
described in the management plan.  
 
The enforcement of seasonal closures (in the reproductive season) and the 
implementation of rotational protection areas could be some of the measures to be 
applied in order not only to protect marine resources and biodiversity but also the 
sustainability of longline fishing inside the MPA (conducted by vessels similar to 
those currently operating).  
 
Results revealed there are significant differences between the profit per fishing trip 
for each gear. However, there are certain aspects that should be mentioned. First, 
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the data from catches used for this estimation is not accurate due to the fact that a 
large portion of these are sold outside fishing docks, to restaurants and other 
fishermen, who pay more. Secondly, the cost of operation per day used was based 
only on fuel and bait. There are a number of other expenses that were not 
considered, such as vessel inspects, insurance materials, loans, fishing licenses, oil, 
maintenance of fishing gear (hooks, traps, and nets), cleaning products and other 
products that are used aboard. In the case of longlines, the data was obtained from 
experiments conducted by a professional fisherman. However, the number of hooks 
used by fishermen daily is far higher than those used in fishing experiments. As 
such, the values used for analysis were extrapolated from the data obtained from 
experiences. Also, the profit was calculated per fishing day per vessel. In the case 
of traps, there is always more than one fisherman aboard unlike trammel nets and 
longlines (although in the case of vessels that operate with trammel nets and traps 
there are also two men aboard during the use of trammel nets). As such, these 
results should be considered as indicatives since they don‘t traduce accurately the 
total expenses for each gear. Nevertheless, it is possible to conclude that traps 
have the highest average profit per fishing trip and longlines the lowest. However, 
the profit per fishing trip verified for traps was quite variable.  
 
According to Cabral et al (2008), the implementation of the management plan has 
reduced areas available for fishing significantly. Within the MPA, the area available 
for fishing with nets has been reduced by 40.6% followed by longlines (24.4%) and 
traps (12%). Given these reductions in fishing grounds, the density of gears in the 
areas where it is still permitted is likely to increase, which can result in decreases in 
total catches.  
 
In the case of traps, although other commercially significant species were recorded, 
it is obvious that vessels operating with traps depend almost exclusively on O. 
vulgaris. On one hand, traps had the higher value of profit per fishing trip but, on 
the other hand, the area available for fishing that was reduced by the management 
plan was lower than the area reduced to the other gear studied (Cabral et al, 
2008).  
 
In the case of trammel nets, the high number of commercially valuable species 
recorded in catches represents an economic advantage in case of decreases of 
target species. Due to the versatility of trammel nets, catching a greater variety of 
species and a wider size range, trammel net fishers can adapt to changes in 
abundance of the main target species more easily than can those using more 
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species and size specific gear. However, the area available for fishing with nets has 
been reduced by 40,6% (Cabral et al, 2008) which can lead to a higher of density 
of gear in the same area and result in decreases in total catches.  
 
For longlines, the life cycle of target species is a factor that could compromise 
catches. Sparidae fishes are sequential hermaphrodites, which mean the population 
structure, in terms of lengths, is strongly linked to the proportion of sexes in the 
population. Therefore, size selective fishing may be selectively removing individuals 
from only one sex. In this particular case, a system of temporal and spatial closures 
could be applied based on ecology and biology of target species. Erzini et al (2008) 
suggest the hatch of octopus traps should be attached with degradable material 
and the plastic netting could also be replaced with biodegradable netting to reduce 
impact of lost traps. However, considering a code of conduct, prevention of loss, 
from gear interaction and theft, is the most important measure to reduce mortality, 
according to this author.  
 
However, increases in fishing gear where they are permitted, or even in subjacent 
areas, could lead to exponentially increases in the impact on benthic habitats due 
to the frequency and intensity of the physical contact between fishing gears and 
environment (Jennings & Kaiser, 1998).    
 
It was observed, during this study, that a significant amount of fish is sold outside 
fishing docks, since it is more profitable to fishermen. This situation occurs 
frequently and, therefore, landings do not correspond to the real fishing effort being 
applied by fishermen. In this context, some measures to valorize fish should be 
implemented so that the landings on fishing docks don‘t create disadvantages for 
fishermen in order to obtain landing data more reliable and thus useful for fisheries. 
Using data from landings, when realistic, can be a good indication of the 
exploitation status of fish stocks, although it is not a good management tool on its 
own. 
 
In the particular case of trammel nets, a study conducted by Stergiou et al (2006) 
indicates the existence of trammel net ‗hot spots‘, which represent essential 
habitats (Bergmann et al, 2004), such as spawning, nursery or wintering grounds, 
of the life history of the targeted and associated species. According to Stergiou et al 
(2004), many of the exploited species by trammel nets are often exploited by other 
small-scale and industrial gears (trawls, purse seines, longlines) and, therefore, 
their essential habitats are always subjected to fishing. This author refers that 
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mapping trammel net ‗hot spots‘, as well as those of other gears, is of primary 
importance for qualifying gear overlap and managing fisheries, particularly to the 
design of networks of marine protected areas (Gell and Roberts, 2003) and as an 
important tool supplementing current management schemes (Browman and 
Stergiou, 2004).      
 
If the potential benefits of a MPA are not well explained, the perception for 
fishermen is that they are giving up benefits from the area in exchange for highly 
uncertain future returns. It is often easier to implement restrictive measures where 
the individual already recognizes an incentive for changing management rather 
than pushing change on the individual (Pomeroy et al, 2006). The possible benefits 
resulting from increasing densities as a result from the measures implemented are 
very hard to predict, and may take years to be visible, considering several 
environmental variables that could be more determinant in the species life cycle 
and its population dynamics, than fishing. Therefore, the combination of resource 
management and livelihood opportunities are important incentives for long term 
sustainability of a MPA (Pomeroy et al, 2005). However, the results obtained by 
Gelcich et al (2004) suggest that response of fishers to a policy depends on their 
attitudes, personalities, and livelihoods and, hence, will be variable both among 
groups and between individuals within any group. Cabral et al (2008) suggest 
several measures for sustainable development of commercial fishing within the MPA 
area such as increases in fishing profits and valorization of fish captured within the 
MPA (for example through eco-labeling products), which are directly related to the 
profit for fishermen and could even allow decreases in fishing effort. According to 
Pomeroy et al (2006), measures that result in economic benefits are useful to 
address any economic disruptions to the individual or household, in the short-run. 
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3. Final Remarks 
 
Many studies have concluded that the Arrábida MPA has unique characteristics that 
justify its protection. The impacts to which is being subjected have not yet reached 
irreversible levels. The high number of species observed in catches during this 
study reflects of the richness of the area.   
 
The analysis of the results obtained in this study revealed that fishing effort within 
this area is high which could lead to over-exploitation of marine resources. The 
inadequate implementation of the management plan resulted in strong contestation 
from the local community. This situation is very complex and can possible risk the 
effectiveness of the MPA as a tool to manage fisheries and conserving marine 
resources. Furthermore, the current management measures could have low 
effectiveness since the fishing effort can take higher levels in areas closed to the 
MPA due to a fishermen attempt to maintain or improve their captures. 
 
It was concluded that the arts studied have a relatively high dependence on their 
target species for profit. Furthermore, a large portion of individuals is sold outside 
fishing docks, to restaurants or other fishermen, which pay more. Therefore, 
landings estimates do not traduce the real fishing effort being applied. It is thus 
necessary to reinforce the development of further studies to fully evaluate the 
current socio-economic situation if an adequate management is to be implemented.     
 
To effectively preserve marine resources it is necessary to find a balance between 
conservation and socio-economic needs. This only accomplished involving a large 
group of entities so that adequate results can be achieved. The characterization of 
artisanal fisheries occurring within the MPA conducted in this study pretends to be a 
step towards a sustainable management of this area in particular and other areas 
as well, since only an MPA network, efficiently managed, could rehabilitate coastal 
ecosystems and contribute to the increase of natural resources and biodiversity.  
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